Objectives To determine the proportion of radiographs inconsistent with bronchiolitis in children with typical presentation of bronchiolitis and to compare rates of intended antibiotic therapy before radiography versus those given antibiotics after radiography.
V iral bronchiolitis is the most frequent cause of infant hospitalization during the winter season. 1 Well-described variations in its management reflect a lack of consensus about optimal therapy, 2-5 with propensity to persist in clinical practices that may offer little benefit. 6 The intensity of therapy and investigation bears little relationship to the severity of bronchiolitis, but is a primary determinant of resource use and costs. 6 Chest radiography in bronchiolitis is strongly recommended 7, 8 and widespread worldwide. [9] [10] [11] In North America, the rate of chest radiography is variable and performed in 20% to 89% of bronchiolitis cases. 6, [12] [13] [14] Although the usual radiographic abnormalities include airway disease and atelectasis, 15 a minority of infants with bronchiolitis have both airway and airspace disease. 16 However, bacterial super-infection is uncommon in bronchiolitis, [17] [18] [19] even when airspace disease is present. 19, 20 Therefore, the main potential benefit of radiography lies in the identification of diagnoses inconsistent with bronchiolitis, such as lobar consolidation. Radiography is associated with numerous disadvantages and may also be linked to an increased use of antibiotics, both in children with bronchiolitis and in older children with suspected pneumonia. 14, [21] [22] [23] Because of the difficulty in obtaining accurate radiographic diagnoses, recent guidelines advise against the routine use of chest radiography in typical bronchiolitis. 24, 25 Earlier studies on the usefulness of radiographs in bronchiolitis were limited by the inclusion of infants with multiple wheezing episodes 25 and by insufficient power to make specific recommendations. 25, 26 A recent state-of-the-art bronchiolitis review called for further studies clarifying the usefulness of radiographs in this disease. 27 Our study investigated the rate of radiographic alternate diagnoses in infants with acute bronchiolitis (primary objective) and examined the impact of radiography on therapy (secondary objective).
METHODS

Study Setting and Population
This study took place in the tertiary care emergency department (ED) at the Hospital for Sick Children in Toronto. We included all previously healthy infants aged 2 to 23 months who came to the ED between November and April 2001 to 2005 from 8 AM to 9 PM with a typical presentation of acute bronchiolitis while the study nurses were on duty. Typical presentation was defined as the presence of non-toxic appearance with coryza, cough, and respiratory distress with wheezing for the first time. Infants with suspected bronchiolitis without wheezing or with an associated diagnosis of otitis media are not reported in this study. We excluded infants with previous wheeze/bronchodilator therapy, children with previously diagnosed cardiopulmonary disease, aspiration, neuromuscular disease, or chronic systemic disease, infants with prematurity Ͻ35 weeks gestation, infants with a birth weight Ͻ2500 g, or infants who underwent neonatal ventilation Ͼ24 hours. Children arriving with radiographs and children whose parents had an insufficient command of the English language were also excluded. Written consent was obtained from all participating families, and the study was approved by our research ethics board.
Study Design
This was a prospective cohort study. Before the study, the research nurses were trained by the principal investigator in the measurement of the Respiratory Disease Assessment Instrument (RDAI) clinical score. The RDAI has good reported internal validity 28 and has been used frequently in measuring respiratory distress in numerous trials in bronchiolitis. [28] [29] [30] [31] It also correlates with other measures of respiratory distress 28 and achieves excellent interobserver reliability both in our ED and elsewhere. 28, 30 Before the study started, the participating radiologist provided formal instruction in the interpretation of radiographs in bronchiolitis to the ED staff physicians and fellows.
After the ED assessment and enrollment, the study nurses recorded the relevant socio-demographic and clinical information preceding pharmacotherapy and classified patients according to the predetermined criteria for typical clinical presentation aformentioned. All enrolled patients were treated with 2 to 3 consecutive nebulizations of 2.5 mg/dose of albuterol (suspended in 2 mL normal saline, via Hudson Updraft nebulizer with oxygen flow 8 l/min). Thereafter, all children underwent chest radiography. To evaluate the impact of radiography on management, immediately before the radiograph the ED staff and fellows were asked about their intended use of antibiotics and disposition if no chest x-ray were available. The radiographs were interpreted by the ED staff physicians/fellows according to predetermined criteria for simple bronchiolitis, complex bronchiolitis, or diagnoses inconsistent with bronchiolitis, according to a definition, and classified by the study nurse into these 3 categories on the basis of the physicians' responses. The study nurse then re-corded the ED physicians' radiograph interpretation and subsequent disposition decision and antibiotic therapy given on the basis of this interpretation. To minimize the possibility of a significant change in the clinical status between the pre-and post-radiograph management plans, these plans were recorded immediately before and after the procedure, respectively. All radiographs were read at a later date by the primary study radiologist, who is considered to be an expert in lung disease (D.M.), according to the same criteria as used in the ED. A second senior staff radiologist (P.B.) also read the initial 242 radiographs to validate the "expert" reading. Both study radiologists knew the patients were suspected of having bronchiolitis, but were blinded to details of the presentation, the ED interpretation of the films, the readings of the other participating radiologist, and the routine interpretation by staff radiologists not participating in the study. All enrolled children received a follow-up telephone call 1 week later about subsequent diagnoses and dispositions.
Radiographic Definitions
Simple radiographs were those with prominent bronchial markings and peribronchial infiltrates (airway disease), with or without hyperinflation or atelectasis. Complex radiographs showed airway disease and adjacent airspace disease, 20 but lacked lobar consolidation. Inconsistent radiographs were those with lobar consolidation, cardiomegaly, and other features incompatible with bronchiolitis.
Outcome Measures
The primary outcome variable was the proportion of infants with a radiograph inconsistent with bronchiolitis, as per the primary study pediatric radiologist, the reference standard.
Secondary outcome variables included the proportion of children scheduled for hospitalization/antibiotics pre-radiogrpahy versus given antibiotics/admitted post-radiography, on the basis of the ED physicians' radiograph reading. Furthermore, we have examined the association between the outcome of a simple radiograph and patient characteristics such as the age, temperature, oxygen saturation, and RDAI score.
Sample Size
The sample size was calculated for a 95% CI for the primary outcome. After discussion among the investigators, we have estimated the proportion of patients with bronchiolitis and inconsistent radiographs to be Յ3% Ϯ 2%, and ␣ ϭ 0.05 and ␤ ϭ 0.2, which yields the total number of bronchiolitis patients required to be 260. 32
Analysis
The primary analysis was the calculation of the 95% CI for the proportion of children with bronchiolitis who had a chest radiograph interpreted by the study radiologist as inconsistent with bronchiolitis.
Secondary analyses included the McNemar test for comparisons of paired proportions and Fisher exact test for comparisons of proportions involving independent samples. Because of a lack of heterogenous responses by the radiologists, kappa coefficient for agreement could not be calculated, and a percentage agreement was used instead. A univariate and multiple logistic regression analysis were also performed to identify which clinical variables were independently associated with a simple radiograph.
RESULTS
Study Population
Between November and April 2001 to 2005, 265 children with typical bronchiolitis were enrolled. All children enrolled completed the study, and 263 children received follow up. The mean (Ϯ SD) age was 7.7 Ϯ 5.5 months; 65% were boys. The mean baseline values and their SDs were: RDAI score of 8.9 Ϯ 3.2 points, respiratory rate of 52.6 Ϯ 20.1 breaths per minute, heart rate of 144.2 Ϯ 22.1 beats per minute, and oxygen saturation of 96.5% Ϯ 2.6%.
The cases were identified from among 1375 children who came to our ED with the diagnosis of bronchiolitis. Of these, 665 were not screened-the research nurse was not available for 533 patients, 120 children were missed, and 12 patients were not screened during the severe acute respiratory syndrome epidemic. Of the 710 infants screened for the study, 46 had suspected bronchiolitis but no wheezing or co-existent otitis media, 45 were excluded because of previous wheeze, 71 had a history of prematurity/previous ventilation, 4 were critically ill, 32 families had inadequate command of the English language, 17 arrived with radiographs from other institutions, 88 refused participation, 129 had minimal respiratory distress that was regarded as not warranting treatment, and 13 had been previously enrolled. The age and sex of the enrolled children were comparable with those of children who were not enrolled.
Radiographic Outcomes
In the 265 study infants, 2 radiographs (0.75%) were read by the reference radiologist as inconsistent with bronchiolitis (1 cardiomegaly and 1 lobar consolidation; 95% CI, 0-1.8). The results suggest that 133 children with typical bronchiolitis would have to undergo radiography to identify 1 radiograph that is suggestive of an alternate diagnosis.
The first 242 radiographs were read by both study radiologists. Although the reference radiologist identified 2 of 242 radiographs (0.8%) as inconsistent, the second radiologist read 3 of 242 radiographs (1.2%) as inconsistent (95% CI, 0-1.9). Therefore, the 2 radiologists agreed in 97.9% of the cases.
Of the 265 study radiographs, 246 (92.8%) were classified as simple and 17 (6.9%) were classified as complex. Fourteen infants would therefore have to undergo radiography to identify a single radiograph that would be either complex or inconsistent with bronchiolitis. Children with simple bronchiolitis were significantly less hypoxic and had a lower bronchiolitis RDAI score than children with complex or inconsistent radiographs (Table I) . Infants with both a baseline oxygen saturation Ͼ92% and a RDAI score Ͻ10 of 17 possible points were 3.9 times more likely to have a simple radiograph than their counterpars whith more more hypoxia or more distress (OR, 3.9; 95% CI, 1.3-14.3). Of the 148 children who had both of these characteristics, 143 (96.6%) had simple radiographs. In this low-risk group, 29 infants would need imaging to obtain a single complex or inconsistent radiograph.
Antibiotics were prescribed at disposition for 39 study infants (14.7%), and 31 children (11.7%) were hospitalized. Intended disposition (ie, discharge versus admission) was the same pre-and post-radiography in 258 of the 265 cases (97.4%). In contrast, on the basis of the ED physicians' radiograph interpretation, Ͼ5 times as many children received antibiotic therapy post-radiography as compared with their intended management plan pre-radiography (95% CI for the difference, 8-16; Table II ). 
Follow-up
Two of 265 children (0.8%) received additional diagnoses. One child with a blood culture positive for several strains of viridans streptococci during the initial hospitalization had received a single dose of intravenous Ceftriaxone, which was stopped because of negative results on repeat cultures taken before antibiotics were administered and excellent clinical appearance. Another child who appeared well was admitted several days after initial discharge for high fever and leukocytosis to rule out sepsis/meningitis; he had negative results on bacterial cultures and recovered well.
One of the 2 children whose radiographs were read by the primary radiologist as inconsistent with bronchiolitis had respiratory syncytial virus-positive bronchiolitis and cardiomegaly with a secundum atrial septal defect requiring followup. The second infant had lobar consolidation with positive results on a respiratory syncytial viral study; this infant received no antibiotics and recovered uneventfully. All the patients recovered uneventfully.
DISCUSSION
We have demonstrated that in previously healthy children with a typical presentation of bronchiolitis, the radiographic findings are usually consistent with this disease. This conclusion is strengthened by the low rates of inconsistent radiographs identified by both study radiologists. The narrow 95% CIs for the proportions of radiographs interpreted as inconsistent by both radiologists suggest that our results can be interpreted with a high degree of confidence. The agreement between the radiologists also strengthens the validity of the "expert" as a reference standard. Our results would suggest that ED physicians in a setting similar to ours should consider setting a higher threshold for radiography in this population.
In a recent large retrospective multicenter study, Christakis et al found that the use of chest radiographs in bronchiolitis is an independent predictor of antibiotic use. However, only 72% of the patients underwent radiography, and selection bias for radiography was therefore likely. Our study confirms that radiography has a significant impact on the subsequent use of antibiotics.
Several earlier studies have concluded that routine radiography may not be necessary in children wheezing for the first time. 11, 25, 26 However, all lacked adequate power for definitive recommendations for radiography. One study did not report rates of airspace disease and only included children whom the admitting physician thought needed radiography, 25 although another study included patients as old as 18 years, most of whom did not have bronchiolitis. 11 A smaller bronchiolitis study by Farah et al 26 found that 17% of infants had "pathologic" radiographs that included atelectasis. Because atelectasis is an integral part of bronchiolitis that rarely changes management, we have included atelectasis in the simple group. Furthermore, few children in Farah's study had fever or low oxygen saturation, and the association between these characteristics and radiographic outcomes could not be determined. Mahabee-Gittens found crackles to be the only independent predictor of pneumonia in young children with wheezing. 33 This study was retrospective, radiographs were performed in only half the study population, and many children had wheezed previously.
At some institutions, infants who had bronchiolitis with airspace disease on radiographs are treated with antibiotics for potential bacterial pathogens. 34 However, some experts feel that most airspace disease in this age group is viral [35] [36] [37] and the rate of serious bacterial infection in febrile children with bronchiolitis is low. 17, 18, 38 Our study suggests that almost all infants with typical bronchiolitis who do not have significant hypoxia or severe respiratory distress lack any radiographic evidence of airspace disease. This subgroup therefore appears to be at a low risk for potential bacterial pneumonia.
The main limitation of this study is the lack of a diagnostic "gold standard" proving the absence of bacterial infection in children with complex radiographs. Ideally, the decision to do the radiography should be made after an appropriate review of the expected benefits of this procedure in each child (eg, in children with toxic appearances or those with unusual presentations or prolonged clinical courses). Also, our study had only 1 radiograph with lobar consolidation, and identification of any predictive factors for this highrisk feature was impossible. Although our recommendations are likely generalizable to non-pediatric EDs, some of our colleagues working in these settings may not feel as confident in diagnosing typical bronchiolitis and may have a lower threshold for radiography. Likewise, our colleagues in community hospitals can apply these results to their patients, provided they feel comfortable with the clinical diagnosis and adequate follow-up is provided.
In summary, our study suggests that radiographs in children with typical bronchiolitis have limited value. Subjecting this population to radiography is therefore usually not warranted, particularly in infants without severe distress and without significant hypoxia.
